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Description 

[0001] This invention relates to multi-tone printing 
employing drop-on-demand printing apparatus. More 
particularly the invention relates to such apparatus for 
printing on printing element areas on a substrate and 
which comprises an array of parallel channels provided 
with respective ink ejection nozzles, a Jiquid supply 
means for each channel and electrically operated 
means for applying pulses of energy to liquid in said 
channels to effect ink ejection therefrom. 
[0002] Aspects of such printing apparatus are 
described for example in United States Patent No. 
4,584,590 and in the following United States Patents 
standing In the name trf the -present Applicant, the con- 
tents of which are herein incorporated by reference, that 
is to say: US.A-4,879.568, US-A4,887,100; US-Ar 
4.992.808; US-A-5,003.679; USA-5,016,028 and US- 
A-5,028,936. 

[0003] The types of printing apparatus disclosed in the 
references quoted are of the kind in which energy 
pulses are imparted to Ink by displacement of wall por- 
tions of the respective ink channels. Typically the paral- 
lel ink channels are separated by side trails which can 
be displaced in one sense to apply a pulse toone-of the 
channels bounded by the wall, and In the opposite 
sense to apply a pulse to the other channel. This 
approach offers a number of key advantages and has 
led to the design of very efficient, high density, binary (or 
single tone) printheads. 

[0004] This "sharing" of side wall actuators does, how- 
ever, bring desjgn constraints. The above mentioned art 
recognises, for example, that the two channels which 
"share" the dividing. side wall, cannot be fired simultane- 
ously. The^rt therefore proposes the solution of dividing 
the channels into two cycles, one cycle containing the 
even numbered channels, andine other cycle the odd. 
Only one of these cycles is enabled for firing at any one 
time and the printer driver operates in successive cycles 
at a rate which is slow enough to ensure that a channel 
has become quiescent before its neighbouring channels 
(belonging to the other-cycle) are enabled for firing. The 
consequential time delay between firing of adjacent 
channels can. be compensated for, if it would otherwise 
detract from print quality. One method of compensation 
is to offset spatially the nozzles corresponding with 
adjacent channels. 

[0005] Binary or single-tone printing will not always 
suffice. 

[0006] It is known that the human eye can sense sixty- 
four gradations of grayscale In multi-tone printing. It is 
even suggested that twice as many gradations can be 
discriminated. Accordingly, It Is one aim of high quality 
tone printing, including colour printing, to produce a 
printer capable of printing a number of grayscale tones 
as near as possible to the discriminating capability of 
the eye of the viewer. 

[0007] In USnA-4,513,299 there is disclosed a single 



channel, drop-on-demand ink jet printing device in 
which droplets of ink having different droplet volumes 
can be deposited on a print medium at a droplet repeti- 
tion rate just below the resonant frequency of the ink 
5 channel. The different droplet volumes -are achieved by 
following a droplet ejection pulse with additional droplet 
ejection pulses of like magnitude to the Initial droplet 
ejection pulse at a frequency at or near the channel res- 
onant frequency. The additional droplet ejection pulses 
to causeejection from the inkohannelof further drop vol- 
umes of substantially the same size as the drop volume 
emitted from the channel by the initial droplet ejection 
pulse. |n the series of drop volumes thus emitted, the 
second and subsequent drop volumes are each cen- 
ts nected to the preceding drop volume emitted and the 
drop volumes join together to form an enlarged droplet 
. which is deposited on the print medium. However, In 
high density array drop-on-demand printers, i.e. arrays 
of at least two parallel channels per mm, the known 
20 method of droplet ejection severely limits, to only a few, 
the number of droplet volumes which can be added to 
the droplet volume initially ejected from any particular 
channel. This number diminishes rapidly with increase 
of channel density. It follows that the number of greys- 
25 sale gradations which can be achieved by this known 
method is limited in the achievable number of different 
drop volumes which can be deposited at a pixel of the 
printed Image. 

[0008] US-A-4,536,097 discloses a piezoelectric print- 
30 bead having channels defined bye row of .parallel piezo- 
electric strips which can be deformed in direct mode. 
Each working channel, with Its two piezoelectric strips, 
is separated from the. next by a dummy channel filled 
with elastomer or air and the arrangement is therefore 
35 limited as to the channel resolution that can be 
achieved. The printhead is not capable of producing 
drops of varying sizes. 

[0009] GB-A-2 157 623 discloses a method of operat- 
ing an ink jet apparatus to control dot size. Relatively 
*o small Ink chambers have separate large piezoelectric 
transducers communicating with the respective cham- 
bers through a mechanical coupling including a foot anri 
a diaphragm. It is proposed that by synchronously excit- 
ing either one or a combination of thefiuid and mechan- 
45 ica! resonant frequencies of the ink jet apparatusand by 
repeating this operation in an Iterative or successive 
manner in synchronism with the dominant resonant fre- 
quency, a plurality of Ink droplets can be ejected within 
a time period permitting ttie droplets to merge While alr- 
50 borne or upon the recording medium. 

[0010] It has previously been recognised by the 
present inventor, that considerable advantage could be 
had if a method of multi-tone printing could be devel- 
oped which adopted the approach outlined above for 
56 single-tone printing. Thus, EP-A-0 422 870 (which 
stands in the name of the present Applicant) discloses 
methods of multhtone printing employing drop-on- 
demand printing apparatus comprising an array of like, 
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uniformly-spaced, parallel ink channels. A channel 
which is in a cycle presently enabled for firing, will 
receive (depending upon the incoming print data) not 
just one pulse but a sequence of pulses, the number of 
which dictates the printtienslty achieved. The sequence s 
of pulses can be provided at a repetition rate which cor- 
responds to the longitudinal acoustic resonant fre- 
quency of the channel. As before, interference with the 
neighbouring channel which may share the same wail 
actuator, 4s avoided by allowing a sufficient time interval f0 
before the cycle of channels containing the neighbour- 
ing channel, is enabled for firing. Preferably, the chan- 
nels are arranged in three or more cycles. 
[0011] The same document sets out an Ingenious 
alternative which avoids this slow cycling between ena- is 
bling of one channel and enabling of its neighbour. 
Instead, neighbouring channels are actuated (in 
dependence upon the print data) with respective, 
antiphase, resonant waveforms. Drops are therefore 
ejected from -neighbouring channels in alternating 20 
phases of the resonant waveform. As Is explained in the 
document, this alternative works at a higher speed than 
the first arrangement, essentially because the slow 
cycling has been avoided. 

[0012] It is appropriate to manage the print data in a 25 
different way and the document introduces the notion of 
controlling bands of fired channels, which bands 
increase and decrease in width (or number of channels) 
as determined by the print data. 

[0013] There is, strictly, a time delay between the firing ,30 
of one channel and the firing of its neighbour. However, 
since this is "half the period of the resonant frequency, it 
is very much smaller (perhaps two orders of magnitude) 
than the time delay associated with the cycles 
described above. It would be unusual for this small 25 
delay to affect print quality and compensation will not 
normal ly be required. 

[0014] As acknowledged in the document, this alter- 
native arrangement, whilst relatively fast, is limited in 
the range of patterns it will print at a given spatial fre- 40 
quency; in particular, it will print "white, black, white" but 
not 'black, white, black" across the tow of channels. 
[001 5J It is an object of the present invention to pro- 
vide an improved, method of grayscale printing which 
employs a drop-on-demand printer having an array of as 
channels and which enables printing at high density and 
high speed of patterns having a higher spatial frequency 
than have previously been possible. 
[0016] Accordingly, the present Invention consists, In 
one aspect in a method of multi-tone printing employing so 
a drop-on-demand Ink jet apparatus comprising an 
array of parallel channels, a series of nozzles which 
communicate respectively with said channels for ejec- 
tion of ink therefrom, a source of ink connected with 
each channel, and electrically actuable means associ- 55 
ated with the channels for applying pressure pulses to 
the channels, thereby to effect ink ejection therefrom; 



the channels being arranged in at least two cycles, 
the channels belonging to any one cycle being 
interleaved with channels belonging to another 
cycle; 

the channels of each cycle being further arranged 
in first and second groups, the method comprising 
the steps of 
receiving print data; 

successively enabling, the cycles for ink ejection at 
a cycle enabling frequency; 
for each cycle, selecting channels of the respective 
first and second groups for ink ejection in accord- 
ance with print data; 

and actuating the elecfricaily actuable means to 
apply sequences of pressure pulses to the selected 
channels at an operating frequency higher than 
said cycle enabling frequency, the number of pulses 
applied beino, varied to control the print density in 
accordance with the print data; 
the pressure pulses applied to selected channels 
belonging to said first jgroup being applied in 
antiphase to. those applied to selected . chan neis , 
belonging to said second group; 
thereby to effect ink ejection from said selected 
channels in antiphase between the first and second 
groups. 

[001 7] The operating frequency may be the longitudi- 
nal acoustic resonant frequency of the channels and is 
preferably no less than V6 or V 3 that resonant frequency. 
[0018} In another aspect, the present invention con- 
sists in a.method of multi-tone printing employing drop- 
on-demand Ink jet apparatus comprising an array of 
parallel channels; a series of nozzles which communi- 
cate respectively with said channels far the ejection of 
ink therefrom; ink source means connected with the 
charmed and a plurality of electrically actuable means, 
each electrically actuable means being associated with 
two of the said channels and each of said channels hav- 
ing two electrically actuable means corresponding 
thereto; each electrically actuable means being actua- 
ble in opposite senses to apply positive pressure to 
either one of the two channels with which It is associ- 
ated and negative pressure to the other of the said two 
channels, a pressure pulse exceeding a 1 defined ejec- 
tion pressure threshold in any channel resulting in. ink 
-ejection from that channel; the method comprising the 
steps of arranging the channels in at least two cycles, 
arranging the channels of each cycle into two groups; 
receiving print data; successively enabling said cycles 
for ink ejection; for each cycle, selecting channels of the 
respective first and second groups for ink ejection In 
accordance with the print data and actuating electrically 
actuable means associated therewith to apply 
sequences of pressure pulses to the selected channels, 
the number of pulses applied being varied to control the 
printiJensity In . accordance with the print date, the pres- 
sure pulses applied to selected channels in said first 
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group being in antiphase at an operating frequency to 
those applied to selected channels belonging to said 
second group, thereby to effect ink ejection from said 
selected channels in antiphase between the first and 
second groups, channels trot in the currently* -enabled 
cycle receiving compensating positive and negative 
pressures from the two electrically actuable. means cor- 
responding thereto. 

[0019] Embodiments of the present invention are 
accordingly able to achieve the tiigh speed operation 
associated with antiphase operation of neighbouring (or 
other groupings) of channels, whilst avoiding the limita- 
tions of the prior art. The enabling and disabling of 
cycles of channels can ingeniously be achieved not as 
hitherto by disabling the drive signals to respective actu- 
ators, but by arranging for the two actuators associated 
with a particular channel to apply reinforcing or cancel- 
ling pressures. The notion of actuating walls moving in 
reinforcement for the enabled cycle and In cancellation 
for the or aach other cycle, is an important feature of 
preferred forms of this invention. The channels can be 
assigned to two or more cycles and, within each cycle, 
into two antiphase groups in many ways. 
[0020] The invention will now be described by way of 
example with reference to the accompanying drawings, 
in which:- 



Figure 1 illustrates the effect of depositing in suc- 
cessive printing element areas (pixels), as the print 
medium moves past a nozzle of a channel of a 
drop-on-demand ink jet printer, a variable number 
of ink drops between 1 and 64; 
Figure 2 illustrates drop-on-demand ink jet printing 
apparatus for use In accordance with the present 
invention; 

Figure 3 shows a sectional view through ink jet 
printing apparatus as illustrated in Figure 7r, 
Figures 4-11 Illustrate In stylised form the manner 
of operation of the printhead shown in Figure 2 
according to alternative embodiments of the inven- 
tion. 

[0021] The method of the invention can be performed 
by a drop-on-demand ink jet printing apparatus , com- 
prising an array, preferably a high density array, of paral- 
lel channels provided with respective droplet ejection 
nozztes, an ink supply for each channel and alectrically 
actuable means for applying pressure pulses to effect 
droplet ejection from the channels. Preferably, pressure 
pulses are applied by displacing piezoelectric wall por- 
tions of the channels. 

[0022] In US-A-4 .807,100 there is described e.g. with 
reference to Figures 2(a) - (d), a form of printhead in 
which said displaceabte piezoelectric wall portions com- 
prise the channel dividing side wails. In this case, each 
of the channel dividing side walls is shared between the 
channels which it separates so that in a first of succes- 
sive phases of operation it can be deflected together 



with the feeing wall of one of the channels which it sep- 
arates to eject a droplet from said one of the channels 
whilst in a succeeding phase of the operation the said 
channel dividing wall together with the feeing side wall 
s of the other of the channels which it separates can be 
deflected to eject a droplet from said other of the chan- 
nels. 

[0023] As explained in EP-A-0 422 870. printheads of 
the kind described can be employed according to this 
10 'invention : as grayscale (and, therefore, colour printers) 
by depositing in the area corresponding to each pixel a 
variable number of droplets, typically, in the range 1 to 
64 at an operating frequency which, in the case of EP- 
A-0 422 870, is the longitudinal acoustic resonant fre- 
ts tjuency of the printhead channel. 

[0024J Figure 1 shows the effect of depositing a varia- 
ble number of ink droplets between 1 and 84 In succes- 
sive pixels as the paper moves past the nozzle. 
Typically, the maximum droplet production frequency is 
20 sufficient to^enerate 100 droplets per pixel, so that if 64 
droplets are generated, these are deposited in a line 
.occupying approximately \af the pixel pitch "p". When 
smaller numbers of droplets are generated as a 
sequence these are deposited along correspondingly 
25 shorter lines. 

[0025f The deposited lines of ink droplets in each pixel 
have time to collect and spread as dots of liquid ink on 
the paper surface, the line in which the droplets from 
any particular nozzle are deposited has little effect on 
30 the shape out only on the diameter of the dot formed at 
the pixel. Figure 1 shows that the relative timing of the 
deposition of the lines of droplets at the pixels is chosen 
so that each drop sequence is deposited symmetrically 
with respect to the corresponding pixel: This reduces 
35 any distortion in the image which could result in con- 
touring and inhibits any tendency to merging of the 
droplets deposited at adjacent pixels. 
[002q Referring now to Figures 2 and 3. there is illus- 
trated therein a printhead 100, which 4s generally similar 
40 to that described in relation to Figures 2(a) to (d) of US- 
A-4,887,100, the contents of which are herein incorpo- 
rated by reference. The printhead 100 comprises 
opposing sheets of piezoelectric material 102 poled in a 
direction, normal , thereto and formed with parallel. 
45 grooves providing channels 104 at a density of two or 
more per millimetre having channel dividing side walla 
106. The channels 104 are each lined with a metal eteo- 
trode layer 1t)5. The channels are actuated In shear 
mode by applying an electric potential difference 
so between the electrode layer of an actuated channel and 
the electrode layers of the channels on either side of the 
actuated channel. The channel dividing side wails are 
displaced In generally chevron form, as shown In dotted 
outline in Figure 3. Of course this Is only one example, 
55 and the side walls - in a variation - are constructed to 
displace in cantilever mode. Still further variations are 
disclosed in the art referred to and herein incorporated 
by reference. 
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[0027] The channels are supplied with printing liquid 
from a common supply duct 108 connected with each 
channel at the end thereof opposite that at which is 
located a nozzle plate 107 formed with respective noz- 
zles 109 which terminate the channels. The nozzles are 5 
co-finearly disposed transversely to the direction of 
movement of a substrate 111, e.g. paper. 
[0028J According to one aspect of the present inven- 
tion, printheads of the type shown by way of example in 
Figures 2 and 3 are operated with their channels n 
arranged in at least two cycles, the channels belonging 
to any one cycle being interleaved with channels 
belonging to another cycle, and the channels of each 
cycle being further arranged in first and second groups 
operating in antiphase. . 15 

[0029] It will be understood that a considerable 
number of strategies can be identified which embody 
this invention and some of these are shown diagram- 
matlcally in Figures 4-12. These figures simply show a 
printhead -construction , such as thatof -Figures 2 and 3, 20 
in a stylised form. Piezoelectric side walls 402. tran* 
versely displaceable in shear mode, extend , between a 
substrate 404 and a cover 406. Elongated ink channels 
408 are thus defined, each terminating in a nozzle 410. 
The side walls 402 are -depicted schematically as 25 
straight Hnes with displacement of a side wall being Indi- 
cated through inclination of the straight line. 
[0030] Parts (a) and (b) of each figure show the posi- 
tion of side walls of adjacent channels at different half 
periods of the operating frequency. The construction 30 
can therefore be imagined, in one cycle, to be oscillating 
between the positions depicted at (a) and (b), at the res- 
onant or other operating frequency. 
[0031] in any one cycle, the firing channels can be 
seen as oscillating between positive and .negatrve.pres- ss 
sure states, depicted as + and -> respectively: The chan- 
nels belonging to the same group are all positive in (a) 
and negative in (b), and vice versa. Channels which do 
not belong to the currently enabled cycle are depicted 
as pressure state 0. ^ 
[0032] According to one aspect of the invention, firing 
channels belonging to first and second groups and 
assigned to a first cycle of operation are separated by 
intervening channels belonging to at least , one other 
cycle. Figures 4 and 6 are particular examples and, as 45 
can be seen from these figures, the intervening chan- 
nels are non-firing (ie. they see insufficient pressure 
change to eject a drop) by virtue of their walls moving in 
tandem. Accordingly, throughout the cycle, these char* 
nels show a pressure state 0. The change from opera- so 
tion in one cycle to operation in another cycle will take 
place after completion of an appropriate number of 
oscillations - perhaps one hundred - of the chennel 
walls at the operating frequency, with drops then being 
ejected (still in antiphase between channels belonging 55 
to two separate groups) from those (previously inactive 
Intervening) channels belonging to another cycle. It will 
be appreciated that the number of Intervening. channels 



will correspond to the number of cycles in which the 
printhead is to be operated; the arrangement of Figure 
4 is a two-cycle operation whilst that shown in Figure 5 
is a three-cycle operation. Part (c) of Figure 4 and parts 
(c) and(d) of Figure 5 show the firing/non-ftring arrange- 
ment in the other respective cycles of Figures 4 and 5; 
firing channels are Indicated by an asterisk,, non-firing 
channels by zero. 

f0033] The number of oscillations at the operating fre- 
quency of the walls of a channel - and thus the number 
of drops ejected from that channel - is determined by 
the required print density, as explained earlier in the 
description with reference to Figure 1 . Whilst there may 
be a difference in timing of droplet ejection from chan- 
nels belonging to first and second groups (operating in 
antiphase) within a cycle, this has negligible effect on 
the print quality if, as is.generally the case, the operating 
frequency is high. It will be understood that if the walls 
are being actuated at the operating frequency to eject 
up to sixty-four drops, the -error arising from droplet 
ejection being in anti-phase between neighbouring 
channels is one half in sixty^four, ie. less than one pe* 
cent. This is negligible in terms of the error in the print 
after drop spreading. 

[0034] the cycles of channels, on the other hand, are 
enabled at a lower, cycle-enabling frequency and the 
difference in timing between the bursts of droplets 
ejected from channels belonging to different cycles will 
generally be significant in comparison with the rate of 
relative substrate movement. This can be compensated 
for using a suitable method such as offset nozzles, 
known. in the context of binary (single drop) printing eg. 
from the aforementioned US-A-4,887,1 00, or angling of 
the printhead, as disclosed in the context of binary print- 
ing in WO 95/D7.1 85. In the case where the substrate is 
not moving continuously but is held stationary until ail 
cycles have printed and then indexed -forward (known 
eg. from the aforementioned EP-A-0 422 870), such 
compensation is not necessary. If the movement' of the 
substrate Is appropriately controlled, pauses can be 
inserted within the sequence of cycle enabling. 
[0035] It-Is not sssential for the side walls of a non-fir- 
ing, interleaving. channel to move in tandem to ensure 
that no drppsjection takes place. If aorinthead Is set up 
such that the inward deflection of both walls of a chan- 
cer is required to eject a drop, then the movement of 
only one side wail -of an -Intervening, non-firing channel 
wflr create pressure changes in the channel which, 
whilst they may be 'non-zero 1 ', are nevertheless below 
the threshold required for drop ejection. Examples of 
this kind of operation in the context of the present inven- 
tion are shown Jn Figures 6 and 7, corresponding to two- 
cycle and three-cycle operation accordingly. It will be 
noted that the firing channels have both side wails mov- 
ing inwardly in one half cycle of the operating frequency 
(Figures 6(a), 7(a)) and outwardly in the next half cycle 
(Figures 6(b), 7^b)) to create positive and negative pres- 
sures. Again, the firing/non-firing arrangement of the 



EP0 783 410 B1 



10 



channels in the other respective cycles is denoted by 
asterisks and zeros in Figure 6(c) and Figures 7(c) and 
W>. 

[0036] However, the present invention is also applica- 
ble to the case where a printhead is set up such that the 
deflection of only one wall of a channel is sufficient to 
eject a droplet from that channel and Figures 8-1 1 give 
an example of this kind of operation in the context of the 
present Invention. Non-firing of intervening channels is 
achieved toy moving the "wails such that any pressure 
generated in the respective channels lies below the 
threshold required for drop ejection; in the embodiments 
of Figures 8-1 1 this is achieved by moving both side 
walls of a channel substantially in tandem. These two 
conditions lead to the further requirement, drscernable 
in Figures 8-11, that the channels assigned to a partic- 
ular cycle comprise pairs of adjacent channels. 
10037] Each pair can be made up of channels belong- 
ing to the same group - as shown in Figures 8 and 9 - In 
which case substantially equal pressures, will , exist 
either side of the channel wall separating the channels 
of the . pair, the wall remaining, stationary (and unactu- 
ated). Figure 6 shows a two-cycle embodiment of this 
arrangement with first and second cycles being shown 
in Figures 8(a) and 8(b) respectively. It will be seen that 
the location of the aforementioned stationary wall 
switches from cycle to cycle. WimJn a cycle, the channel 
walls will of course oscillate from one position to another 
in the same manner as shown in the (a) and (b) embod- 
imentsof Figures 4-7 and this, of course, holds true for 
all the Figures 8-11. Figure 9 shows a three-cycle 
embodiment of the arrangement in which the location of 
the stationary wall switches between three locations 
corresponding to each of the three cycles (shown in Fig- 
ures 9(a), <b) and (c) respectively). 
{0038] Figures 40 and 1 1 correspond to the situation 
where each pair is made up of channels belonging to 
different groups. Because of the opposite pressures 
existing either side of the separating channel wall of 
each pair, this wall has to be actuated such that it 
remains substantially stationary despite the pressure 
difference acting across -it. Twoand three oycle embod- 
iments of this arrangement are shown in Figures 10(a), 
(b) and 11(a), (b), (c) respectively, the location of the 
"stationary - walls of each pair switching from cycle to 
cycle in the same manner as Figures 7 and 8. 
[0038] The above description has been given In terms 
of pressure magnitude and phases because it is the 
pressure wave magnitude that primarily controls the 
drop ejection process. It will be In the normal capability 
of the skilled man to then choose voltages to be applied 
to the printhead, whose magnitudes generate required 
pressures. In the arrangement described In the patents 
incorporated herein by reference, a single, electrode is 
provided in each channel and it is accordingly the differ- 
ence in voltages applied to successive channels that 
controls the potential difference applied to the .piezoe- 
lectric side wall which separates them. As set forth in 



EP-A-0 553 153, the calculation of voltages required to 
produce specified pressure changes will take into 
account the compliance of the wail actuators. 
[0040] It will be understood that the present invention 
5 is not restricted in the number of cycles that may be 
employed; four cycles may be used in addition to the 
two and three cycle arrangements described explicitly 
above. In the -limit, the number of cycles may corre- 
spond to half the total number of actuable channels in 
10 the printhead, only. two channels (belonging to first and 
second groups respectively) being operated in . each 
cycle. 

[0041] Similarly, the only restriction on the operating 
and cycle-enabling frequencies is that the operating fre- 
ts quency must be higher than the cycle-enabling fre- 
quency. 

10042] Similarly, adjacent channels belonging to differ- 
ent cycles need not be actuated in the successive (a-b- 
c) manner shown, for example, in Figures 7, 9 and 1 1 . 
so {0043] It will be appreciated that although Figures 4- 
1 1 show all available channels in a cycle operating, this 
need not be the case and will actually be determined by 
the print date. If the print data is such that a channel is 
not required to print during a particular cycle,, or If a 
25 channel is required to eject fewer drops than other 
channels actuated in that cycle, then the walls bounding 
that channel will be actuated such &iat the pressures 
generated in the channel will lie below the threshold for 
drop ejection for all or part of the cycle. 
30 J0044] The present invention is r as mentioned earlier, 
applicable to colour printing. To this end, arrays of chan- 
nels may he arranged in a set -of sets of four rows of 
channels, the rows of each set being respectively sup- 
plied with black ink and ink of the three primary colours 
35 and disposing the rows of each set such that they print 
a row of printing element areas extending transversely 
to the direction of relative motion of the respective array 
and the substrate so that each area printed can be 
printed in black ink prink of one of the three primary col- 
40 ours. Alternatively, the arrays may be arranged co-line- 
ariy, each area to be printed passing under each of the 
arrays in successive passes of the substrate past. the 
array assembly. 

[0045] Whilst specific reference has. been made to 
45 apparatus as described in commonly assigned United 
States Patent No. 4,887,100, the present invention is 
applicable to a wide range of ink jet apparatus in which 
a channel dividing side wall is displaceable In either of 
two opposing directions. Moreover, some of (but not all) 
50 the advantages set forth above can be enjoyed by 
applying the present invention to drop-on-demand ink 
jet apparatus employing other electrically actuable 
means to eject droplets. 

55 Claims 

1- A method of multi-tone printing employing a drop- 
on-demand ink jet apparatus (K)0) comprising an 
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array of parallel channels (104; 408), a series of 6. 
nozzles (109;- 410) which communicate respec- 
tively with said channels for ejection of ink there- 
from, a source of ink connected with each channel, 
and electrically actuate means (106^02) associ- 5 
ated with the channels for applying pressure pulses 7. 
to the.channels, fteraby to effect ink ejection there- 
from; 

1he channels being arranged in at least 1wo 10 
cycles, the channels belonging to any one 8. 
cycle being interleaved with channels belong- 
ing to another cycle; 

the channels of each cycle being further 
arranged m first and -second groups, the -ts 9. 
method comprising the steps of 
receiving print data; 

successively enabling the cycles for ink ejec- 
tion at a cycle enabling frequency; 
for «ach cycle, selecting channels of the 20 
respective first and second groups for ink ejec- 
tion in accordance.with print data; 
and actuating the electrically actuabie means 
to apply sequences of pressure pulses to the 
selected channels at an operating frequency 25 
higher than said cycle enabling frequency, the 
number of pulses applied being varied to con- 
trol the print density In accordance with the 
print data; 

the pressure pulses applied to -selected chan- 30 
nels belonging to said first group being applied 
in antiphase to those applied to selected chan- 
nels belonging to sold second group; 
thereby to effect ink ejection from said selected 
channels in antiphase between -the first and 35 
second groups. 

Method according to Claim 1, wherein ssld electri- 
cally actuabie means apply pressure pulses to the 
channels by displacement of side wall portions of 40 
said channels. 

Method according to Claim 2, wherein Ink ejection 
is effected by displacement of respective, piezoelec- 
tric side wall portions of said channels. 45 



Method according to Claim 4 or 5, wherein a chan- 
nel of a cycle and the next, successive channel in 
the array belonging to the same cycle belong to dif- 
ferent groups within that cycle. 

Method according to Claim 6, when the dependent 
on Claims 2 or 3. wherein the movement of the 
walls of those channels belonging to cycles that are 
not enabled is substantially identical. 

Method according to any of Claims 1-3, wherein 
two adjacent channels of the array belong to the 
same cyda 

Method according to Claim 6. wherein, said two 
adjacent channels belong to the same group. 

10. Method according to Claim 8, wherein said two 
adjacent channels belong to different groups. 



Method according to any of Claims 8-10, wherein 
said two adjacent channels are. separated In the 
array from the next, successive channels of that 
cycle by channels assigned to another cycle. 



Method according to any previous claim, wherein 
each channel belonging to a given cycle is sepa- 
rated In the array from the next, successive channel 
of that cycle by a channel assigned to another 
cycle. 

Method according to Claim 4, wherein each chan- 
nel belonging to a given cycle is separated in the 
array from the next, successive channel of said 
given cycle by channels assigned respectively to 
two other cycles. 



50 
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12. Method according to any one of Claims 8-1 1 , when 
dependent on Claims 2 or 3 f wherein during the 
enablement of a cycle, the movement of the walls of 
those channels belonging to non-enabled cycles is 
-substantially identical. 

13. Method according to any of Claims Ml, when 
dependent oh Claims 2 and 3, wherein during the 
enablement of . a cycje, -each of those channels 
belonging to non-enabled cycles has a wall that is 
substantially stationary. 

14. A method according to any one of the preceding 
claims, wherein the Ink jet. apparatus comprises a 
plurality of arrays of channels, each array con- 
nected to a source of Ink of a different colour. 

15. The method according to Claim 14. comprising the 
step i of ^ arranging the arrays of channels In a.set or 
sets of four rows of channels, the rows of each set 
being respectively supplied with black ink and Ink of 
the three primary colours and disposing the rows of 
each set for printing a row of printing element areas 
extending transversely to the direction of relative 
motion of the array and the substrate so that each . 
area printed can be printed Jn black Ink or \ nk of any 
of the three primary colours. 

16. A method according to Claim 14, wherein the plu- 
rality of arrays are co-linear. 

17. A method of multi-tone printing employing drop-on- 
demand Inkjet apparatus (100) comprising an array 
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of parallel channels (104;408); a series of nozzles 
(109;410) which communicate respectively with 
said channels for the ejection of ink therefrom; ink 
source means connected with the channels; and a 
plurality of electrically actuabie means (106;402), 5 
each electrically actuabie means being associated 
with two of the said channels and each of said 
channels having two electrically actuabie means 
corresponding thereto; each electrically actuabie 
means being actuabie in opposite senses to apply. 10 
positive pressure to either one of the two channels 
with which It is associated and .negative pressure to 
the other of the said two channels, a pressure pulse 
exceeding a defined ejection pressure threshold in 
any channel resulting In ink ejection from thatohan- 15 
nel; the method comprising the steps of arranging 
the channels In at least two cycles, arranging the 
channels of each cycle into two groups; receiving 
print data; successively enabling said cycles for ink 
ejection; for each cycle, selecting channels of the 20 
respective first and second groups for ink ejection in 
accordance with the print data and actuating elec- 
trically actuabie means associated therewith to 
apply sequences of pressure pulses to the selected 
.channels, the number of pulses applied being var- 2s 
ied to control the print density In accordance with 
the print data, the pressure puises applied to 
selected channels in said first group being in 
antiphase at an operating frequency to those 
applied to selected channels belonging to said sec- & 
ond group, thereby to effect ink ejection from said 
selected channels in antiphase between the first 
and second groups, channels not in the currently 
enabled cycle .receiving compensating positive.and 
negative pressures from the two electrically actua- 35 
ble means corresponding thereto. 

18. A method according to Claim 17, wherein the elec- 
trically actuabie means comprise respective chan- 
nel dividing side walls with the two said side walls 40 
corresponding to a channel serving to bound that 
channel. 

19. A memod.according to Claim 18, wherein the chan- 
nel dividing side walls comprise piezoelectric mate- 45 
rial. 

20. A method according to any one of Claims 17 to 19, 
wherein the two side walls bounding a channel not 
belonging to the currently enabled cycle are caused 50 
to move in tandem. 

21. A method according to any one of the preceding 
claims, wherein the operating frequency is ndt less 

than 1 / 3 the longitudinal acoustic resonant fre- 55 2. 
quency of the channels. 

22. A method according to Claim 21, wherein the oper- 



ating frequency is not less than V4 the longitudinal 
acoustic resonant frequency of the channels. 

Patentansprtiche 

1. Verfahren zum Drucken mit mehreren Werten, das 
eine Tintenstrahlvprrichtung (100) verwendet, die 
auf Anforder-ung Tropfen zur VerfQgung steilt und 
ein Feld von para Helen Kanfilen (104; 408), eine 
Reihe von DOsen (109; 410), die jeweils mit den 
Kanfilen kommunizieren, zum AusstoS von Tinte 
aus diesen, eine Quelle fur Tinte, die mit jedem 
Kanal yerbunden ist, und eJaktrisch betfitigbare Mit- 
tel (106; 402) umfasst, die den Kanfilen zugeordnet 
sind, -urn an die Kanfile Drucklmpulse Bnzutegen, 
wodurch der Ausstofi von Tinte aus diesen bewirkt 
wird; 

wobei die Kanfile in mindestens zwei Fblgen 
angeordnet sind und die Kanfile, die zu .einer 
beliebigen ersten Folge geh6ren, mrt Kanfilen 
verschachteJt sind, die zu einer anderen Folge 
gehdren; 

wobei die Kanfile von jeder Folge au&erdem in 
«rsten und zweiten Gruppen angeordnet sind, 
welches Verfahren die folgenden Schritte 
umfasst: 

es werden Druckdaten empfangen; 

die Fblgen werden zum TintenausstoG mit 

einer Zyklusfreigabefrequenz nachetnander 

freigegeben; 

in Abhfinglgkelt von den Druckdaten werden 
• fQrjede Folge Kanfile von den jewelligen ersten 
uhd zweiten Gruppen zum TintenausstoR aus- 
gewfihlt; 

und die elektrisch betfitigbaren Mittel werden 
betatigt, urn -an die ausgewfihlten Kanfile 
Sequenzen von DrucWmpulsen mit einer 
Betriebsfrequenz, die grOfier ist als die Zyklus- 
freigabefrequenz, anzulegen, wobei die Anzahi 
von angelegten Impulsen variiert wird, urn die 
Druckdichte in Abhfingigkeit von den Druckda- 
ten zu steuern; 

wobei-die Druckimpulse, die an die ausgewfihl- 
ten Kanfile angelegt werden, die zu'der ersten 
Gruppe gehflren, in Antiphase zu denjenigen 
angelegt werden, die an die ausgewfihlten 
Kanfile angelegt werden, die zu der zweiten 
Gruppe gehdren; 

urn auf diese Weise deh Ausstofi von Tinte aus 
den ausgewfihlten Kanfilen in Antiphase zwi- 
schen den ersten und zweiten Gruppen zu 
bewirken. 

Verfahren nach Anspruch 1, bei dem die elektrisch 
betfitigbaFen Mittel an die Kanfile Drucklmpulse 
durch Verschlebung von Seitenwandabschnitten 
der kanfile anlegen. 



15 



HP 0783 410 B1 



16 



3. Verfahren nach An6pruch 2, bai dem der Tinten- 
ausstoG durch Verschiebung von jewelligen piezo- 
elektrischen Seitenwandabschnitten der Kanfile 
bewirktwlrd. 

5 

4. Verfahren nach einem der vorhergehenden AnsprO- 
che. bei dem jeder Kanal, der zu einer vorgegebe- 
nen Folge gehort, 4n dem Feld von dem nflchsten 
darauffolgenden Kanal dieser Folge mit Hirfe eines 
Kanals getrennt wird, der einer anderen Fblge w 
zugeordnet ist 

5. Verfahren nach Anspruch 4, bei dem jeder Kanal, 
der zu einer vorgegebenen Folge gehOrt, In dem 
FeW von dem rtflchstan tfarauffolgenden Kanal der is 
vorgegebenen Fotge mit Hirfe von Kanfilen getrennt 
wird, die jeweils zwei anderen Zyklen zugeordnet 
sind. 

6. Verfahren nach Anspruch 4 -oder -5. bef dem .«in 20 
Kanal einer Fbige und der nfichste darauflblgende 
Kanal in.dem Feld.-die.zu derselben Folge gehoren, 

zu verschiedenen Gruppen Innerhalb dieser Folge 
gehfiren. 

25 

7. Verfahren nach Anspruch is, wenn dieser von 
Anspruch 2 oder 3 abhflngt, bei dem die Bewegung 
der Wfinde derjenigen Kanfile, die zu Folgen geho- 
ren, die nlchtfreigegeben bzw. betfitigf werden, im 
wesentlichen Jdentisch ist 30 

8. Verfahren nach einem der AnsprQche 1 bis 3, bei 
dem zwei benachbarte KanflJe des. Feldeszu. der- 
eelben Folge gehoren. 

35 

8. Verfahren nach Anspruch 8, bei dem zwei benach- 
barte Kanflle zu derseiben Fofge-gehoren. 

10. Verfahren nach Anspruch B, bei der zwei benach- 
barte Kanfile zu verschiedenen Gruppen gehoren. 40 

11. Verfahren nach einem tier AnsprQche 8 bis 10, be! 
dem die zwei benachbarten Kanfile in dem Feld 
von.dem nflchstendanautfolgenden Kanfllen. dieser 
Folge mit Hilfe von Kanfllen getrennt werden, die 45 
einer anderen Fblge zugeordnet sind. 

12. Verfahren nach efnem der AnsprQche 8 bis 11, 
wenn diese von den AnsprOchen 2 Oder 3 abhfln- 
gen, bei dem wflhrend der Frelgabe bzw. Betfltf- so 
gung einer Folge die Bewegung der Wfinde 
derjenjgen.Kanaie. die zu nicht freigegebenen bzw. 
nicht betfltigten Folgen gehoren, Im wesentlichen 
gleich ist 

55 

13. Verfahren nach -einem der AnsprQche 8 bis 11, 
wenn diese von den AnsprOchen 2 und 3 abhfin- 
gen, bei dem wflhrend der Freigabe bzw. Betflti- 



gung einer Folge jeder von denjenigen Kanfllen, die 
zu nicht freigegebenen bzw. nicht betfitigten Folgen 
gehdren, eine Wand aufweist, die Im wesentlichen 
ortsfestist. 

14. Verfahren nach einem der vorhergehenden AnsprQ- 
che, bei dem die Tintanstrahlvorrichtung eine 
Anzahl von FeJdem von Kanfllen urnfasst, wobei 
jedes Feld mit einer Quelle tor Tinte von einer ande- 
ren Farbe verbunden 1st 

15; Verfahren nach Anspruch 14, umfassend die 
Schritta, dass die Falder von Kanfllen In einem Satz 
oder in Sfltzen a us vier Reihen von Kanfllen ange- 
ordnet vverden, dass die Refhen von jedem Satz 
jewelis mit echwarzer Tlnte bzw. Tinte fur die drel 
Grundfarben veraorgt warden, und dass die Reihen 
von jedem Satz zum Drucken einer Reihe von 
Dnjckeiementbereichen angeordnet werden, die 
sich transversal zu -der Rfchtung dor Relativbewe- 
gung des Feldes und des Substrats erstreckt, so 
dass jeder gedruckte Bereich in schwarzer Tinte 
oder in Tinte mit einer beiiebigen der drei Grundfar- 
ben gedruckt werden kann. 

16. Verfahren nach Anspruch 14, bei dem die Anzahl 
von Feldern kollinear 1st. 

17. Verfahren zum Drucken mitmehreren Werten, das 
eine Tintenstrahivomchtung (10fj) varwendet, die 
auf Anfbrderung einen Tropfen bereltstellt und em 
Feld von parattelen Kanfilen (104; 408); eine Reihe 
von Dfisen (103; 410), diejeweils mit den Kanfllen 
kommunizieren, zum Ausstofi von Tinte aus die- 
sen; einmit tien.Kanfllen verbundenes TintanqueJ- 
lenmittel; und eine Anzahl von elektrisch 
betfltigbaren Mrtteln (106; 402) urnfasst, -wobei 
jedes elektrisch betfltigbare Mittel zweien der 
Kanflle zugeordnet ist und jeder der genannten 
Kanfile zwei elektrisch betfltigbare Mittel aufweist, 
die diesen entspnschen; wobei jedes elektrisch 
betfltigbare Mittel in -entgegengesetzte Richtungerj 
betfitigbar bzw. verschlebbar ist, urn einen positiven 
Oruck an .einen von don zwei Kanfllen anzulegen, 
dem dieses 2ugeordnet ist, und urn einen negativen 
0 ruck an den anderen von den zwei genannten 
Kanfllen anzulegen, wobei ein Druckimpuls. der 
einen definferten AusstotkJnick-Schwellenwert 
Oberschrettet, in einem beiiebigen Kanal Im Aus- 
stofi von Tinte aus diesem Kanal resuitiert- welches 
Verfahren die Schritte urnfasst, dass die Kanale in 
mindestens zwei Folgen angeordnet werden, wobei 
die Kanflle von Jeder Folge in zwei Gruppen ange- 
ordnet werden; dass Oruckdaten empfengen wer- 
den; dass die Folgen zum TlntenausstoS 
nachelnander betfltlgt bzw. frelgegeben werden; 
dass tor jede Folge Kairiflie von denjeweiOgen 
ersten und zwelten Gruppen zum Tintenausstoft in 
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Abhangigkelt von den Druckdaten ausgewflhlt war- 
den und dass elektrisch betStigbare Mittel, die die- 
sen zugeordnet sind, betfltigt warden, um an die 
ausgewShlten Karate Sequenzen von Druckimpul- 
sen anzulegen, wobei die AnzahJ von angelegten 5 
Impulsen variiert wird, um die Druckdichte in 
Abhfingigkeit von deh Druckdaten zu steuern, 
wobei die Drucklmpuise; die- an ausgewdhlte 
Kanfile in der ersten Gruppe angelegt werden. bei 
einer Befriebsfrequenz in Antiphase zu denjenigen 10 
stehen. die an ausgewahlte Kanfile angelegt wer- 
den, die zu der zweiten Gruppe gehBren, um auf 
diese Weise einen TintenausstoB aus den ausge- 
wahlte n Kandlen in Antiphase zwischen den ersten 
und zweiten Gruppen zu bewirfcen, wobei Kanfile, 1S 
die sich nicht in der augenbiiddich freigegebenen 
bzw. betatigten Folge befinden, von den zwet elek- 
trisch betfitigbaren Mittein, die diesen entsprechen, 
kompensierende positive und negative "DrQcke 
erhatten. ^ 

18. Verfahren nach Anspruch 1 7, bei dem die.elektrisch 
betfitigbaren Mittel jewei is Kanalunterteilungssei- 
tenwflnde mit den zwei Seitehwflnden umfessen, 
*Jie einem Kanal entsprechen. der dazu dient, um 25 
diesen Kanal zu begrenzen. 

19. Verfahren nach Anspruch 18, bei dem die Kanalun- 
terteHungsseltenwande ein piazoeiektrisches Mate- 
rial umfassen. 30 

20. Verfahren nach einem der AnsprQche 17t>is T9, bei 
dem die zwei Seitenwande, die einen Kanal 
begrenzen und nicht zu dereugenblicldich freigege- 
benen bzw. betfltigten Folge gehfiren, dazu vetan- 35 
lasst warden, sich gemeinsam zu bewegen. 

21. Verfahren nech einem der vorhergehenden AnsprO- 
che, bei dem die Betriebsfrequenz nichtwenlger als 

1/3 der longitudinalen akustischen Resonanzfre- 40 
quenz der Kanfile betrfigt 

22. Verfahren nach Anspruch 21 , bei dem die Betriebs- 
frequenz nicht wenlger als V6 der longitudinalen 
akustischen Resonanzfrequenz der Kanfile betrfigt 45 

Revindications 

1 . Procede pour impression mulSteintes falsant appel 
a un appareii a jet d'encre dejection a la demande so 
(100) comprenant une serie de canaux paralleles 
(104 ;408), une serie de tuyeres (109 #10) qui 
communiquent respecttvement avec les canaux 
pour rejection de I'encre, une source cTencre rac- 
cordee a chaque canal et des moyens actionnablea 56 
eiectriquement (106 ;402) essodes aux canaux 
pour appliquer des impulsions de pression .aux 
canaux dafecon a effectuer rejection d'encre a par- 



tir de ceux-ci ; 

les canaux etant disposes dans au molns deux 
cycles, les canaux appartenant a run quelcon- 
que de ces deux cycles etant imbriques avec 
les canaux faisant partie de {'autre cycle ; 
les canaux de chaque cycle etant Imbriques 
avec les canaux faisant partie de J'autre cycle ; 
les canaux da chaque cycle etant de plus dis- 
poses dans des premier at second groupes, 1e 
procede. comprenant les eta pes conslstant a 
recevoir les donnees d'impnession ; 
valider successiveraent les cycles pour rejec- 
tion dtencre a une frequence de validation de 
cycle: 

pour chaque cycle, selectionner les canaux 
des premier et second groupes respectrfe pour 
1'ejection d'encre en fonction des donnees 
d 'impression ; 

et acttonner les moyens eiectriquement actton- 
nables pour appliquer les sequences dlmpul- 
sions de pression aux canaux selectionnes a 
une frequence op6rante superieure a la fre- 
quence de validation de cycle, le nombre 
d'impulsions appliquees etant variable pour 
commander la denslte cf imprasslon en fonction 
des donnees compression ; 
les impulsions de pression appiiquees aux 
canaux selectionnes faisant partie du premier 
groupe etant appliques an antiphase par rap- 
port a ceux appliques aux canaux selectionnes 
faisant partie du second groupe ; 
permettant ainsi d'eflectuer rejection d'encre a 
partir des canaux selectionnes en antiphase 
entre Jes premier et second groupes; 

2. Procede selon fa Tevendicatfon 1, dans lequel les 
moyens eiectriquement actionnables appliquent 
des impulsions de pression aux canaux par depla- 
cernent des portions de parol laterale des canaux. 

3. Procede selon la revendtcation 2, par toque! rejec- 
tion d'encre est effactuee par defacement de por- 
tions .de paroi laterale piezorelectrlque respective 
des canaux. 

4. Procede selon Pune quelconque des revendicattons 
precederites, dans lequel chaque canaux faisant 
partie d'un cycle donne est separe dans la serie du 
canal successif suivant de ce cycle par un canal 
aflecte a un autre cycle. 

5. Procede selon la revendication 4, dans lequel cha- 
que canat faisant partie d'un cycle donne est 
separe dans la serie du canal successif suivant du 
cycle donne par des canaux aflectes respect! ve- 
ment a deux autres cycles. 
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6. Procede selon la revendication 4 ou 5, dans lequel 
un canal d'un cycle et le canal successif suivant 
dans la serie fatsant parte du meme cyclefont par- 
tie de differents groupes a I'interleur de ce cycle. 

5 

7. Procede selon la revendication 6, dans lequel en 
dependence dee revendications 2 ou 3, dans lequel 
le\mouvement dee panels de ces canaux falsant 
parte des cycles qui ne sont pas valides est sensi- 
blemBntidentique. to 

8. Procede selon Tune quelconque des revendications 
1-3* dans lequel deux canaux contigus de ia serie 
font parte du m§me cycle. 

15 

9. Procede selon la revendication 8, dans lequel les 
deux canaux contigus font parte du meme groups. 

10. Procede selon la revendication 8, dans lequel deux 
canaux contigus font parte de groupesxlifferents. 20 

11. Procede selon rune quelconque des revendications 
8-10, dans lequel les deux canaux contigus sont 
separee dans la serie des canaux successes sui- 
yants de ce cycle par des canaux affectee dun is 
autre cycle. 

12. Procede selon Pune quelconque des revendications 
8-11 en dependence des revendications 2-3, dans 
lequel pendent ia validation d'un cycle, Je mouve- 30 
rrient des parois des canaux feisant parte de 
cycles non valides est sensiMement identique. 

13. Procede selon I'une quelconque des revendications 

8-1 1, en deperidance des revendications 2-3, dans 35 
lequel pendant la validation d'un cycle, chacun des 
canaux- fatsant parte -de cycles non valides pos- 
sede une paroi qui est senslbiement stationnaire. 

14. Procede selon Tune quelconque des revendications <o 
precedentes. dans lequel rappareil a Jet d'encre 
comprend uneplurallte deserietle canaux, chaque 
serie etant raccordee a une source d'encre d'une 
couleur differente. 

45 

15. Procede selon la revendication 14, comprenant 
Petape consistent a disposer 4es series de canaux 
en un jeu ou des Jeux de quatre rangees de canaux, 
les rangees de cheque jeu etant respectlvement ali- 
mentees en encre noire et en encre des trois cou- so 
leurs primalres et en disposant les rangees de 
chaque serie. pour repression d'une rangee de 
zone d'eiements compression s'etendant transver- 
salement a 1a direction du mouvement relatif dela 
serie et du substrat de sorte que chaque zone 55 
Imprfmee peutetre imprimee^n encre noire ou en 
encre de rune quelconque des .trois couleurs :pri- 

m a Ires. 



16. Procede selon ia revendication 14, dans lequel les 
differentes series sont co-lineaires. 

17. Procede d'impression muititeintes falsant appel a 
un apparel! a jet d'encre (rejection a 1a demands 
(100) comprenant une. serie de canaux parallels 
(104 ;40fi) ; une serie de tuyeres (109 ;410) qui 
communlquent respectivernent avec les canaux 
pour rejection de Pencre ; des moyens de source 
d'encre raccordes aux canaux, une pturalfte de 
moyens actionnabies. electriquement (106 ;402), 
chaque moyen actionnable electriquement etant 
affecte a deux des canaux et chacun des canaux 
ayant deux moyens actionnables electriquement 
correspondant a ceux-ci; chaque moyen actionna- 
ble electriquement pouvant etre actionne dans les 
sens opposes pour appliquer une pression positive 
$ run ou I'autre des deux canaux auquel II est asso- 
cie et une pression negative a I'autre des deux 
canaux, une impulsion de pression depassant un 
seuil de pression d'ejection defini dans tout canal 
entramantiine ejection d'encre a partir de ce canal 
; ie procede comprenant les etapes consistent a 
disposer les canaux dans au molns deux cycles, a 
disposer lescanaux de chaque cycle en c"eux grou- 
pes ; a recevolr les donneesd'impression ; a vaiider 
successlvement les cycles pour rejection d'encre ; 
pour chaque cycle, selectionner les canaux des 
premier et second groupes respectifs pour rejec- 
tion d'encre en fonction des donnees d'irnpression 
et actionner electriquement les moyens actionna- 
"bles assoties a ceux-ci pour apptiquer les sequen- 
ces d '.impulsion de. pression aux canaux 
selectionnes, Ie nombre d'impulsions appliquees 
etant variable pour commander ia densite d'encre 
en fonction des donnees d'impression, les impul- 
sions de pression appliquees aux canaux selection- 
nes dans Ie premier groups etant en antiphase a 
une frequence operante a ceux appliques aux 
canaux selectionnes falsant parte du second 
groups, permettant ainsl d'effectuer une ejection 
d'encre a partir xJes canaux selectionnes .en .anti- 
phase antra les premier et second groupes, les 
canaux n'etant pas dans le cycle valide au moment, 
actual race van t des pressions negatives et positi- 
ves de compensation en provenance des moyens 
actionnables eieotriquement correspondant a ceux- 
ci. 

18. Procede selon la revendication 17, dans lequel les 
moyens actionnables electriquement comprennent 
des parois iaterales de division de canal respectif 
avec les deux parois Iaterales correspondant a un 
canal servant a contenir ce canal. 

19. Procede selon ia revendication 18, dans lequeJ les 
parois Iaterales divisant le canal" consistent en un 
materiau piezo-electrique. 
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20. Precede sekm Pune quetconque des revendi cations 
17 a 19, dans lequel \es deux parois lateraies con- 
tenant un canal ne fefsant pas parte du cycle valide 
au moment actual sont mis en deplacement en tan- 
dem, 5 

21. Procede seion Tune quelconquedes revendications 
^a rec a riente e, dans lequel la frequence operante 
n'eat pas inferieure a V 3 de la frequence reson- 
nante acoustiqua tongrtudtnale du canal. 10 

22. Procede seion la revendicatjon 21, dans lequel la 
frequence operante n'est pas inferieure a Ja mottle 
de la frequence resonnante acoustique longitudi- 
nals des canaux 12. 1$ 
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